Sy Study PK 133 APhaseI, Open, Randomxzed 3-Penod Cross Over Study
- Comparing the Pharmacokinetic Profile of Two Formulations of RP54563: Single
. Concentration Ampule (l-Shot /2-Shots) Versus Double Concentration Ampules, :
" Administered as 1.5 mg/kg™' Once a Day Subcutaneous Treatment for 5 Daysto .~ . .
e Healthy Male and Female Volunteers. Final Study Report. 17 September 1996 ‘:j;i‘ Fa
TSI i [Vol. 9, pages 6-4-58 to 59] : S
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Amcnc pro/' Ie_r af Irca!menr C' (200 nig.mi-l) \er.mr rrearmenl -( ( 1 00 nig. m/" }

, VThc nvo. f'ormulauons e\hubn comparablc drsposmon proﬁes (Table :9 p. l’/) The rate of

\k'absorpuon ((ma\) thc dnsxnbuuon (MRT) and thc ehmmauon (l 12 proccsses of the two -

: ,_"ronnulanons are smular (p>0 O\) Some dnffcrcnces are obscr\cd with slmlul\ hmher.f

o c:rculaung plasma_ clotting ume proloneauon [= 64 s on mean values. of‘A(_\l)ma\ SR
"p<0 02} and c\tcm of absorpuon AUCs f‘rom trcalmem c are 6: % higher than AUCs fromk
. lreatment A (p<0 00 D followmg repeated admmxstranom The overall c.\posurc (A averagc) 1o
L Hcptcst@ activity are close (+55 s Trearment A +58 45 Traatment C) though statnsucally,
o sugml‘can'lydxﬂ'crcﬁt (p<0 05) ’ ' RN RS,

:v "Kmenc praf les af lrea!menr B (l 00 mg ml‘ .2 slzor:) ersu: IrealmemA (1 00 mg.ml 1-1 :I:or) : |

L There is no stansucallv sngmf‘cam dlfference (Table 59 p- !"7) bemecn the phan'nacokmeuc»“'

e paramcters ofthc two schemes ofadmmlsxrauon ofthe 10 mg. ml-1 concentranon solunon The-f -
. overall exposure (Aave) to- activity (+55 s treatment A and treatment B) is sxmular"

S than mal:s (anure 16 p 149).

: (p>0 05) The plateau acuwty is. achxeved at the same  rate followmg repeated admmnstranon

o 5 APTT clottmg time prolonganon :

T 5 Mean APTT clomnz nm: prolongauon

: Indlwdual data : f gures ana’ cun‘e: are presemed Appendix A.4. 7 Menn cur\es are"

parlrayea’ F:gure.s 3 lo 16 The ana/)wcol ‘ahdanon of data is repor/ed in llze Drug

Drspasmon lec/uucal reparr Append:\ A5

s From Dayl to Day 5 and on Day 6 thc umc-coursc or’ APTT profiles are s:mnlar for the thrcc
treatmems (anure 13 p. 146) Thc rnezn values of the APTT acuvny generated i plasma of
‘>cach group of patients (mzles and fcmales) arc s:rmlar for trcatmcms Aand B (Flgure 14p.147,
: '“Fugure 15 p.148). Females in the treatment group C c\hnbn Iow:r clomng nmc prolcnoanon‘ k

7.5.2'. APTT cloning time prolobnga’t'io‘kn p‘arémeters

; Indt vidual data are presemed m Tab/e 46 10 Table 48. Slansnca/ analysrs it repo}led Appendix

i A 3 2 Smluucal re:ulis are smmnan:ea’ T able ) 1

 Final Sludy Rtpon RP5456JQ-IJJ
Appmval Date 1 17:5¢p-1996 - -

S CONFIDENTIAL e
o The m{ormmon and dau eonumed hemn s mnﬁdmml proprictary information of Rhdne- Paulenc Rarcr Do not dnsclosc ocuse
e cxcepl 6 lulhonzed in ummg by Rhéne: Pouicnc‘Rom EI B
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Thc mcan values of parameters at: sxcad\ sxare arc summarized Tablc 8 p SS f'or rhe tl\ree‘v
s treatmem groups e

Tablc 8 Summan ol‘ Pharmacokmenc par:meters ‘of APTT clomno um’e»hr‘-olbhgntion;
: al stend\ slatc (Da\ 5) for the three n-eatrnems g : :

s Treatment A cesoTreatment B+ Treatment C

100 mgamll 100 mg.ml-l - 200 mgiml-
- < (single shot) (double shot) - (single shot):
A(At)max (s) 1932 4070 F$20:1 264 +22.0%6.7
tmax(h)* 00 3.02.0-4. 5} 3.002.0-5.0] 3.0[2.0-5.0)."
ratiomax i l6+01 : 17202 : 174020

S Mean SDor* mcd:an and range (Exzracl:d from Ta Table 46)

L Paramctcrs of plasma APTI‘ acnvn) cxhubn a gaussnan dlstnbuuon pancm accordmn to thev ,
: conclus:ons ofthc lest ofnormallty (Table 61 p 129)

A(At)max and on tmax and thc rauo max

e therc isno stanstxcally sxemf'cant « trcatm:m » « pcrnod 4 scqucncc »

or « §e% » efTeclS.. R

o o va slausucally smmf‘cant @ subJect(scquencc) ) ns obsen ed on A(Al)ma\ (p<0 05)

k‘:" . Thc Schuxrmann lwo one~snded test (Tab]e 6! pl"9) shows that the thrce xrea'mcnts v
: ';;fkcoprcspondmg to mo fonnulanons (100 mﬁ ml" and 200 mz ml hy: and the schemes of

‘ 'admumstratmn rur the 100 mg ml*' formu!anon (smgle or double shot) are blocqunalent i
terms ot‘max:mum plasma APTI‘ clomng time prolongation at @ = 0. I thc 90 %% conﬁdcnce i
‘ ml:wals bemg ms:de lhe acccpled 80 1”5% blocquwalence mlenal R

Thc APTT disposition prot‘les ofthe thre: treatments A, BandC are’ comparablc m xerms of‘

APTT clotting umc prolongauon Thc clotting time recorded at =0 hour and at =3 hours are - o

snrrular md:catmg that thc stc:zd) szatc is achx:\ ed after (hc first admnmstranon

: i APPEARS THIS WAY ON ORIGINAL -

* Final Siudy Report R954563'Q~l'33 .
“Approval Date : 1 7-Sep=1996

= CONFIDENTIAL - ; i
. The mromunon and data contained hercm is confidentisd pmpncw) information of thnc Poulcnc Rorer. Do not- diseloss orues.
: : : nccpl [ :uthanzed in writing by Rhéne- Poulcﬂ: Rorer, i

o Accordmg to thc Proc mlxcd performed on log transformed bnoavanlabmr) parame'e's S
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- Dr.Lilia Talarico
 Page 15 of 25 e
- May19,1998
~ NDA 20-164/8-015

ey

design, enoxaparin

o ¢) Provide a "ty:a,‘bul‘arvﬁ_' summary : Ofwdaﬁ‘té‘ (mcludmgstudy ,n:ilmb‘er,- S
e that supports the last

sodium dose, dosing ’freQ’ﬂghcy,"'patient population, aPTT results)
. sentence of the first paragraph he effects of do
~ Clarify if any other studies were ' support eni
. K9001006 (taken to be the report listed as « PK91006:RP54563
~ Infootnote9 aresingle dose studies
- For clarification, RPR points out that PK 91107 Was a repeat ¢
. mg/kg SConcea day for sevendays), e

"-‘.‘:‘, Study numberv,‘ yf» 'DDSC/RO\ILC RS : v bBa‘;SéIine (s) Y = ammax (s) ‘ RBDOWC e ‘ f

i K‘:Healthy vdlunteers T

i = Mean£SD o Mean+ 8§D

‘Mean+SD

T —
L (S-015/016)
o singledose
(=16 males)

Dayl

L0mgkgsC
125 mgkg/sc
LS mg/kg/SC 0 -

l4x02
T1.5+0.2
16103

o 4l0%4s
. 435456
44866

L8033

o PR3 e
S (S-015/016) L5 mghkg(AysCc. =
~ BEQams) | 1L5mygkg BYSC R
“ock Multiple dose s mg/kg (C)/SC - -
Coob=2dmales oo
o +females . i
.o _Patients .
S KoM107 .
o (S-015/016) -
7 Multiple dose.
DVTtreatment
o (mel6patents) | ST K Eat '
. Ratio M/C « maximum aPTT of the subject or patient/contro] plasma

Sl4t7a

“{Day 5 S :

SUL6+0

LLTEOR
1.7+0.2

49967
5058
51748

L~

[1Smgkgisc R
(Day2 G ! ; 1604
Day 7. 304547 5t o6g

So1sro2

303566 463112

. ot  ;"i‘)"_IF‘the‘F‘Phﬁtmaéddynahﬁcs’f’f‘s‘ii’bsec‘tﬂio‘n s

o ; f"i{,ff;.','v(kl‘k)‘:Pr‘oiide"th‘e;xy-"eférence“ and information supporﬁng the fifth sentence of the first ~
SN Paragraph related to clearance of enoxaparin including the enoxaparin sodium dose
- atwhich this estimate was obtained. =~ TR

i i C‘I‘e‘é:‘rance, was de’kterx’nim%;d “atkan IV dose of 40 mg in 8 subjects. The correct value for the '-fff‘ (e
label is 26 mU/min. See table below for individual data per subject and mean values: -

© Calculation of CUfis aleg shown below. Original NDA #20-164 30 Dec 1961 Rp 54563 -
- 100536 (Vol 2.11, Table VI, page 298, atachmentg). .
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i,

it »k;f.'ff“»‘Pharmacokmetlcs and b1od15tr1but10n"

of technetlum 99m Iabelled standard heparm

i "*‘and a Iow rnolecular Wemht heparm (enoxaparm)
- fiafter 1ntravenous m]ectlon in normal volunteers

:r’v"M D LAFOREST-N COLAS-LXNKART F GUIRAUD VITAUX, B Box. L BARA M. SA\(A\/{A ] MARIN, *‘
B »5 F. IMBAULTT AND A, UZANY Service de Médecine Nucléaire, Hopxtal Beau;on. CIu:h Y. ‘Laborazozre d Hemnsmse
';HoteI-Dxeu. Pans. and *Rhone Poulenc Sante Alfortvzlle France : : S

o Recexved 9 Apnl 1990 accepted far publzcatxan 15 October 1990 -~

"'c_:hromatography. most of the radmactxvuy was bound to AT :

- Summary. For a better understanding of low molecular
: ;vIlI whereanantl Xa activity peak was also detected. The anti

.. weight heparin pharmacokinetics, 99m techinatinim labelled = -

-7 heparin-and énoxaparin were injected mtravenously to four =~ ,_Xa activity peak seen after adding AT I to plasma was much
" normal volunteers, after approval by the Ethxcs Commnttee © . higher with heparin than with enoxaparin. In urine. biologi-
SEERER SN s and prehlmnary animals studies: - S el dctivities, measured: with’AT 11 supplementanon were
¢ Invitroand invivo: the labelled products provcd to bc stable . higher with enoxaparin than with heparin.
( R, sivand identical to/ the' non-labclled drugs: i These results suggest that phendmena other than bnodxstr1~
Lokl Radicaetivity: curves In” blood, organs and urines were - bution are responsible for the'differencesin pharmacokinetics
<+ similar fot both products: Anti Xa plasma hall- life was 3'times.observed berween these two products. The two most likely
. longer for énoxaparin than for heparin: Anti Ia plasma half- " . ‘explanations are differences in metabohsm and/or arelease of
 lives were- similar:: However; radivactivity’ persisted much -an endogcnous factor. :

L loge: than biological activities: for both - products.: After’ -

. This may be due to different resorption kinetics in the vicinity. | *
~of the injection site (Bara'et-al. 1985: Frvdman et al. 1988).: "

. To our knowledpe. there have been no measurements of ‘

both heparin, LMWH and their metabohtes in blood urine

-and organs in the same subjects. - T
We have therefore studied the acnvitv and me*abohsm of B

P~ Tec-labelled heparin and enoxaparin io a group of human'
subjects. Each subject was given both heparin-and enoxa- - :
parin. The short-lived gamma emitting isotope ¥ Tccan be o
measured by scintigraphy; and is suitable for measirements -+

' ‘Thc recent xntroducuon o!' low molecular we:ght hepann‘
~o (LMWH) has taised’a number of questmns concerning their:
- pharmacokinetics: The biological activities anti Xa and anti
o [laas measured in blood do not completely aeesunt for the
anuthrombouc activity of these products (Thomas. 1986);
“.7Direct measurement of these c¢ompournds: i the blood ‘ard:
T Uexereta is alse difficult. because ‘of their molécular hetero-
" geneity, :

S 1t IS therefore dlEcult to cxplam the prolonged action ol‘
- LMWH preparations. Some hypotheses have been proposed: »
- they may be retained by the organism for longer than heparin - in humans under conditions whnch sansry the requlremems S

- (Larsen et al. 1986); they may be metabolized more slowly jorEthics Committee. L U
(Uzan et al. 1987), inhibited more slowly by platelet factor 4 =
“ (Lane et al, 1985), or finally, an endogenous antthrombatic: - -
‘ v_fattor may be released (Dawes et al, 1986a). 7+, =+ - MATERIALS AND METHODS ‘ . MR
Gl Stodies i human volunteers given enoxaparin or heparin: - Subjects. Four healthy vo!untcers (’rab]e I) were studjed P
SRR “'”Subcutaneously have shown diﬂ'erences in bxoavmlabnhty‘ - afer having given their informed consent. Prel.mnnary, S
TR complete bxo!ogacal and haematological surveys were nor-

Camspondcnce Dr M.-D. Larorest. Med:dne Nucleaxrc prital . mal. Plasma: volumes were measured using *'Crias an
¢ Beaujon. 100 Bd du Général Leclerc. 92110 Clichy. France, - erythrocyte marker. Heparin anid enoxaparin were injected
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Table [ Sub;ects tharacxcnsncs

“Helght L Weight

- Plasma volume.

Injected Fadioactivity {mCi):

Subject ;- Sex Aem) o tkg) o fml)p o o Heparino o Enoxaparin
BB M. 470 183 176 3325 2080 16
e CF4300 165065 0 23080 187 L B S
CEMDLE B B 1 70 27740000 16 15l s
B M. 184 s

25Ty 6

387

. v,,.‘\"lv (30 mg per SUb]CCt) Successwe imecuons were ngen at
o least 1 week-apart. . :
Praducr.s “Heparin (mean ‘molecular weight 15000 Da;

S 160 U anti Xa and anti [a versus the fourth international o
s heparin standard) and enoxaparin (depolymerized heparin .
preparation achieved through alkaline cleavage of heparin -

P benzyl ester; mean molecular weight: 4500 Da: 93 U anti Xa
- 'and 30 U ant M versus first internatiohial standsdrd [oF low:

‘}f ‘stannous chloride (40 mg/rl) was prepared by diluting a

8 'stocl, solution {200 mg/ml) with ‘water under a stream of -
“nitrogen and fltering through'a millipore filter (Millex 02277

- pm), A 0-5 ml aliquot (20 mg) was then mixed with 1 tnl

" 'N4C1{63 g/l plus 5 ml heparin or enoxaparin (150'mg). 3-7°
- ]‘GBq yImTe pertechnetate: (CEA. Saclay. France) was then -
¢ added and the solution mixed for 3 min at root tcmperamre S

: :Ahquots. containing 30 tng of heparin: or enoxaparin (0-7. .0
' GB4). were removed l'or m]ecnon The remaumug solution -+

. was used for controls. -

~Controls: . The labelling el’ﬁcnencv was measured after

- cbromatographv on’ Whatman nio.” 1 papsr with ‘acetons:

-after'0, 3 and 24 h of inciibation with ¥*"Tc, Free pertechne:
o tate was eluted with acéetone, while neparin and enoxaparin.
.. stayed ‘at- deposit site. Labelling was expressed. as the '
wn percentage total pertechnetate coupled to heparin or enoxa-
parin; The biological activities (anti Xa and anti la) of the
: . labelled  products. were measured by standard amidolytic.
" ‘techniques. using the chromogenic synthetic substrates CBS.
© 3139 (Stago) for the anti Xa. and $ 2238 (Kabi) for the annf

[a assays. it the presénce of bovine factor Xa (Stago).

- human theombin (Ortho). Brefly, the techniqués were as

i+ follows: (i) anti Xa activity: citrated plasma and bovine factor
. Xa'diluted in tris EDTA buffer were incubated (37°C) for 30's
- (high-doses), or 60 § (16w doses): (ii) anti a activity; citrated
2 plasma’and human thrembin. ‘diluted in tris EDTA buffer.

~were incubated (37°C) for 30's with $2238. The delta optical =~

“- density were measured on a Gilford 3 500 spéctrophotometer.

S Sterility was checked by preparing solutions under eondi-

- tionsidentical to thosa used for the injectates, and incubating

them -on Petri dishes (nutrient gelatin ‘and  Sabouraud: :
'medium) and in broth (txyptxcase-soy bean and thmglycolate :

_ . broth).

,_ Experlmenml pratocal Control blood samples were taken 15
“tnin; priot to- injection of the. radnolabelled products. Two "

o 5 series ol'blood samples were talcen at S 1: 30 4: 60; 90

150, 180, 210, 300, 460 and 1440 min after injection. The

Rirst set of test samples (43 ml) were placed In'0-5 tal of 3:8% :

“sodium citraté, The plasmas were separated by centrifugation
" 135007 at 15°Cfor 15 min), and the radicactivities of plasma’

Ciand erythrocyte ‘samples. were - determinéd: immediately. -

- Partial thromboplastm tivhes were determined with activator -

" “on'the fresh plasmas. The remaining plasmas were [rozen and
e - stored at — :

= molecular weight heparin)' (Rhéne- Poulenc Santé. Alfort- -
Cville: France) prepar..tlons were labelled with ¥mT¢ priorte’
-“eachinjection as follows: a stérile. pyrogen- “free-sohition of L

=20°C.

' The ' second set of samples were placed in glass vials ancl -

- ‘were incubated for 1 h at 37°C: and then'centrifuged (5 min-
-at 3500 g and 15°C); the serum'was recobered and kept at
-20°C for residual prothrombin assays. Additicnal blood
o samples (10'ml) wers takefi at 30 min and placed in cxtrate for
fractionation studxes :
Urme samples were collected pnor to hepann/enoxapann,
‘ln;echons and at45:75, 180.210,360.480, 720 and 1440
in: alter: injection. Total volumes weres measured and
.allquots ware taken for radioactivity assays, for anti X4 and
anti [la assays and to check ehmmated products for product
degradauon :
"+ Seintigraphic measurements were made from frontal thor-
écic and abdominal images using a tomography type gamma

- camera (Garmnmatome 1. Sopha Medical) linked to a SIMIS 4
i compuiter (Sopha Medical). Picturéswere taken every 15 s for .0

the first: 30 min after injection to provide a dynamic record.

‘various times and were used to ¢alculate total organ (heart:

“ images were taken at 120 min l'or two sub;ecs and at 120;
: am:l 300 min for the ‘other two: . : '

chromatographed-on an Ultrogel ACA 54 columu (height: 79~
cm; diameter: 1:6 ¢m): Fractions (3 mi) were eluted with

“ measured: Urine samples were frictionated on- a DEAE::
fractions were eluted with 3 M NaCl, followed by 1-2 M.
_“described:above. Measurements on urine and plasma samples:

: were made before and after adding purified buman AT III.

The prothrombin consumption, reflecting the prothrombi- -
‘hase generation. was detetrnined in serum by chronomemc

' Static images were obtained with 1.5 or 15 min exposuzes at.

liver) total and unit surface radioactivity. Tomographic =~ =

... The in'vivo stability of the label was checked by recordmg SR
£ flmages of the thyroid foceach sub;ect asfree pertechnetateis o
.. taken'up by the thyroid. e
Plasma and urine, snmple fracuonatwn Plasma samples were

NaCl 0:15 m at 10 ml/h. The radicactivity and the anti Xa -
acnwty with ‘and. without AT Il ‘supplementation were "
i “trlsacrylM column (height: 35 cm; diameter: 1-5cm): 3ml B

* - Measurement of biological activities. The'anti Xa and antilla -
‘ actlvmes in samples of frozen. plasma were measured as "




'mjet:ted cotrectad for the subjeets plasma volume: However.
T "radioactivity and biological assays do not neccssanly provide:

B pann ‘and heparin‘respectively: Anti ITa TU/mg were 29 and

o geeounted for less than 2% of the total radxoacmnty during:

BBEST POSSIBLE k I
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‘tzchmque bncﬂ} seram. was: added to deﬁcxem plasma o0, i

(Stago) ‘and ¢clotting Hme petformed in the- presence of 1

+caleium thromboplastin (neoplastin Stago) in an automate: b

" Coagamate X2. This residual prothrombin was measured 1 h 1

' ,aftercoagulanononserum Activated partial thromboplastin = )

Cimes. were measured. in. fresh plasma usmg the Diacellin
*“assay (Diarned. France).

"Data dnalysis. (1) Both recovered radioacuvxty and bxologx»
activities were expressed as percentage: of. the' totals

: 4

. RECOVERED %,

. ; s o .‘//-‘_'_-J
0 B R T 24

THIME Thours) k

cnmparable {fidices of the molecular hetérogeneities (in térms
ciof molecular weights and in terms of an'imhes) of the two
“produéts: oo

(2) The cardxac ‘and hepanc ehmmatxon curves were ﬁtted
“t6 4 single component exponential curve. :

“7(3) Elimination from the blood followed an alpha phase
pattem for the first Smin post injection (Gravlee etal: 1988).
“From S miin to B b the elimination could be fitted to a single
omponent exponential curve, and from 8 to. 24 h ehmma

" tion was apparently slow, butthe numbcr ofsamples wastoo // : x
‘~small foranalysxs el e
'Rx-:sur.'rs G ;: wo : codiie I
: Ini Led prepuratxons 5 PR 3 / -"—'24

The ”“’Tc-lahellmg did not slgmﬁcantly alter the bxologxcal :
:V'activities of erioxaparin and heparin: (anti Xa TU/mg were 91
“and 161 belore, and 93 and 157 after labelling for enoxa--

TIME thaurs)

“¥ig 1 Plasma kinetics of radicactivity. “anti Xa and anti Tla activities
alter heparin {a) and enoxaparin (b) m;ection ®: radioacsivity. &
: ann Xa activity wanti [Ta activity. - :

161 before and ‘after labelling. for enoxaparin and hepan
" tespectively).  In: vitro.. free . pertechnetate (99Te0; .

»(:9% for cnoxapann and 63% for hepann) These dxfferences
- persisted duting the first 4 h for enoxapann and during the
“ first 3 h for heparin.

The activated partial thmmboplastm nmes wete Ionver for

¥ the first 6 b and for about 59 at 24 h. This label stability was
s confirmed i vwo by tounting the centrifuged erythrocytesin .
“each sample ‘from all ' subjects. The radioactivity rcmamed :
i “below 3% of the total injected radioactivity: Thyroid images

'showed no’ pertechnetate fixation in the four subjects: A
‘sdniple stcnhty tests were negative and chmcal tolerance was‘

: B cxcellent

were 2335 (30min)and 1355 (60 min) for heparin,and 435
3C min) and 33 s (60 min) for enoxaparin: o
Prothrombin consumption was perturbed for 90 min al‘ter

heparm injection, and for abotit 180" min; after enoxaparin
jection: (CV=5%).: This perturbabion was: greater. S min’;
fter hcparm injection than S'tnin after enoxaparm :

L Plasmn stud:es ' ‘ N
e The average values of radxoacnwty clcarance from piasm
sioexpressed; as Half-lives imean & SD). were very similar for
o “hepatin (3457 :1:14 2 mm) ancl enoxaparm (325 6&14 2
'*jfmm) T :
8 ‘Fig 1 shows the changes in anti Xa and anti a acnvmes
o and inradioactivity with time after injection. : :
" 'The hall-lives of plasma heparin elimination calculated
“from anti Xa and ant Ha activities were similar (5146 min
and $3'49'min), but were quite different [of enoxaparin (dnti:
'Xa: 1474175 min and anti Ma: 73396 min). The short: -
“heparin Half-life resulted ia no. biological  activity being
" detected after 5 h. By contrast; detectable enoxaparin anti Xa S
S ‘&ctivity was still present in three subjects 5 h after injectioni.
777 The percentage of anti Xa activity: found: 5 min- after " for enoxaparin'was highear than the corresponding radioacti-
- Injection (87% for enoxaparin: 76% for heparin) was higher .~ - vity peak (Fig 2b). For heparin, the situation was reversed
'than the perccmagc of radioacnvnty found at the: same time: (Fxg 2a): Addmon of anmhrombm (1 U/ml) to the eluted *

Plasma fracuonauon studzes o

The radioactivity peak evincided roughly with the anti Xa
- peak (molecular weight about 70 000 Da) in all the plasma
samples. The coincidence cannot be ‘expected to be perfect:
. since the methods used are cornpletely different: the radioac-
e : tivity correspond to all anticoagulant and non-anticoagulant - :

Xa activity correspond only to the [raction bound to AT IIL. -
This might explain the non-absoluté coincidence.

- heparin than for enoxaparin., The average values obtained - e

- fractions present in this peak fraction zone, whereas the ant R

A'second peak was also preseiit around molecalar wexght :
000 Da. outside the protein fraction zone. The anti Xapeak =~
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Cemmd
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= radiba‘ctivity: peak fractions fbr:hépaﬁﬁ-mjettcd v‘plasm‘z‘as‘

BEST POSSIBLE
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Z- U HEPARIN' ' 30 min
PRy T

Sl radicaetivity

o e X aelivity il

e

R PO

ENOXAPARIN 30mln
proteing [ lieuid
e ndnoactmty_ PIRRCR
P et XA eIty . e L

as - ";dm om0

fraction numoe?

o

“: Fig 2: Radioactivity and anti Xa activity after
AT [T suppléméntation in plasma etuted
fractioris 30 min aRer heparin (a) and
Enoxaparin (b} myemon inone of the
subjects. e

- ’rablc 1. Effect of ankithrumbin I (AT III) addxﬂon on’anti Xa acﬁvnt} ofprotem ﬁ-acnons eluted fmm bepann Gpeo L

. ;enoxapann plasma

And Xa‘a‘cﬁvity of protein eliited fraction {(ug

eq‘v.uv;‘;l’eﬁi&/"n\l)f"ffv, S

Prak level -

“Total

Without AT Il With'AT Il

Cd‘mpotind . “supplementation -

supplementation |- Ratio

Without AT~ With AT - ‘
supplementation . supplementation . Ratio

Hepann B ) L 1 e 139
444 1:9

> ,'Enoxapannk 233000

01 291 27
058 184 31

greatly increased the antl: Xa-activities but produted only
“ moderate Increases: in anti: Xa actxvmes of enoxapann~: 5

B in)ected plasmas (Table II)..

- Radioactivity in 'organs

Fig 3 shiows hepaﬁn and endxapann scmbgraphm at35and

~:360 min for one of the subjects. At 35 min, most of the
'radioactivity ls localiwd wlthln the hean. At 360 min, it is
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- (C) kidneys. i

“:dxsmbuted preferenually within heart hver and kxdneys ;
. The fitted curves for the hepatic (Fig 4a) and cardiac 'Fig

4b) elxmmanon of the: two products wev-e sxmxlar in‘all the

B subjects tested.

‘  Statistical analysxs of these data (analysxs ofvan anceand i
S ttst) showed n¢ differernice Between hepann and enoxaparin

"[f(P<0 -05), neither'in terms of theiraverage valuesm the four
subjects, por’ in two-by-two, ‘differerices. .There Wwas. no:

3 f‘dewctablc thyrmd uptake o[ exther hepann or enoxaparm.

.- Unnary kinetics : : R

Cil The! cumulative eliminated rad oactxvmes of bepunn and
©.:s'enoxaparin were Hot significantly different (22
- beparin-and’ 20+ 6%3-6% for enoxaparin at 210 min.

'32:746°5% for heparin and 292+ 3-6% for edoxaparin at

480 min, 46:149°1% for heéparin : and 41-3+4:'0% for

. enioyaparin at 1440 min), confirming their similir metabolic
- behaviours, plastia kinetics and organ’ fixations:: Urinary:
' elimination of the two radiclabelled products was fast, thhi 8

an average of 43% bemg elimiinated in 24 h:

“Anti Xa and anti [fa measurements in urine, after addition

'ol'ATIII reveal a much higher cumulated ant Xa activity (in

four subjects) and mich higher-cumulated ‘anti Oa activity
{in three subjects) for enoxapann than for heparm at 1440

min ('Table o1y,
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: ‘Fig 3 Hepann and enoxapann scmugraphles at 3> n:m (above‘ a'xd 36 min (belcv after lmectxon (or one of the subjects. {A) heart. (B) liver:

Table I, Curmlatcd AT mr depcnd:nt biological -,
'5 activities: excreted in Grines: 24 h-after heparin or
o7 Em,\apn"n xmc::x :

" Heparin

: Enoxaparin L
- (percentofinjectad - (per centof injected 0
Jactivities) activities): :
AntiXa ‘Anulla  AntiXa Antilla
S 100 122
S 19 8
3 5:3 750 21
4 -8 10

 DISCUSSION

‘Several radioisotopes ("""‘Tc ”S ’H "’I) have bcen uscd to-

labe! heparin and Néparin derivatives in animal studies and

- some have also been used in humans. The short-lived (6 h)

single: energy gamma emitter (E=140 keV) **Tc is well

- sulited for studies in man, because of its suitability for use with
" gamma. imaging techniques and because it results in low "
Irradiation dases. %*"Tc forms very stable complexes with
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*‘chelating ligands and. unlike *S, is not removed when such. ' dismbuuon and elimmanon wera very similar wmhm the -
- four of them. :
The smgle~compartment ﬁttmg of the blood Lmetxc corre: -
sponds to the beta elimination phaseé between Sminand 8 K.~

“There was an initial rapid distribution phase for both™

I “molecules are desulphated. Anirmal studies have shown that
W Tclabelled Wéparin and heparin derivatives are stable in
i vivo (Perdrisot et al. 1984). In man. the absence of thyroid
© o %mTe fixation, and erythrocytes fixation up to: 24 h. after
" injection, indicates that free ¥*™T¢ Is not produced in vivo. The
*.radioactivity and biological activities of **T¢ heparin and
‘cno‘(aparm are found in the same plasma fraction: or elution
“peak. 30 min after injection, showing that the pertechnetate
is still bound to heparin and enoxaparin. .- “ :
~In; ordef to assess the radiation. exposure; a: dosimetric
o ”<tudy was pcnormcd based on-extrapolation ffomn: animal
" ‘experiments (to be published), and was' submitted to the
".““ Ethies Comrmittea ol Hopital Beaujon. befnre the presentstudy
- 'was undertaken.
7 The results of the present study show t.hat tbe radxatxon ¥
- exposures of our four volunteers were similar for heparinand -

. Enoxapann Despite the-differenices in weight and height of o

e - the four subjects; the doses received by each of them (whole:
oo body: 12 uGy/MBq) were similar. These doses were smaller

‘ “'than those received by patients: during standard routine than that for heparin (Bara et al, 1985; Dawes etal, 1986b).

- The reported half-lives obtained by tracer studies after
“intravenous injection in bumans vary considerably. Esquerre.
el al (1979). who used *%Tc, found values for normal »

S '~'hepatxc scmngraphy (54 pGy/MBq). "= L
i Ttmiast be noted that. daspite the physical diﬂ'erencesofthe i
volunteers‘(sex. age, height and ‘weight),: the kxnems_of

480

. ﬂMéy:‘mim ;

20

; Eig 4. Organs radicactivity kinetes: (a) liver,
i7(b) heart. after heparin-and enoxaparin
. ‘lni'cction. *: heparin: A enoxaparin.

heparin "and epoxaparin - since “only about ‘60%:af the
radioactivity was found'in the blood 5 min after injection.
Similar results have been obtained by others (Graviee et al. -
1988). This rapid phase could be due to éndothelial binding

of the labelled substances (Van Rijri et al. 1987). but this was ce

not measured in our study: As wé used i.v. injection. we .
assumed 100%, of the activity to be present at 0 min. There

- appears to be a slow elimination phase frem 8 to 24 h post-" .
injection; but the small nuraber of measurements did not. .

‘permit satisfactory quantification of these pbases. :
-The data indicate that the blood kinatics of hepann and
enoxaparin are similar; based on radicactivity studies. The =
and [Ta activities are in agreement with earlier studies (Bara -
etal. 1985; Dawes et al, 1986b), as well as the finding that the
plasma half-life of anti Xa activity for enoxaparin was longer




